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ATTENTION CF:
NEDED-E

Honorable Edward J. King

Governor of the Commonwealth of
Massachusetts

State House

3ostnn, 'lassachusttts

Dear Governor Yinec:

Inclosed is a copy of the Patch Reservoir Dam Phase I Inspection
Report, which was prepared under the National Program for ILaspection
of Non-Federal Dams. The report is based upon a visual inspection, a
review of past performance, and a preliminary hydrological analysis.
A brief assessment is included at the beginning of the report.

The preiiminary hydrologic analysis has indicated that the spillway
capacity for the Patch Reservoir Dam would likely be exceeded by
floods greater than 13 percent of the Probable Maximum Flood (PMF),
the test flood for spillway adequacy. Our screening criteria
specifies that a dam of this class which does not have sufficient
spillway capacity to discharge fifty (50) percent of the PMF, should
be adjudged as having a serfously inadequate spillway and the dam
assessed as unsafe, non- emergency, until more detalled studies prove
otherwise or corrective measures are completed.

The tern "unsafe” applied to a dam because of an inadequate spillway

does not indicate the same degree of emergency as that term would if

applied because of structural deficiency. It does indicate, however,
that a severe storm may cause overtopping and possible failure of the
dam, with significant damage and potential loss of life downstream.

It {8 recommended that within twelve months from the date of this
report the owner of the dam engage the services of a professional or
consulting engineer to determine by more sophisticated methods and
procedures the magnitude of the splllway deficlency. Based on this
dgetermination, appropriate remedial mitigating measures should bdbe
designed and completed within 24 months of this date of notification.
In the interim a detafled emergency operation plan and warning system
should be promptly developed. During periods of unusuallv heavy
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Honorable Edward J. King

1 have approved the report and support the findings and recommenda-
tions described in Section 7, with qualifications as noted above. I
request that you keep me informed of the actions taken to implement
these recommendations since this follow-up is an important part of the
non-Federal Dam Inspection Program.

A copy of this report has been forwarded to the Department of Environ-
rental Quality Engineering, the cooperating agency for the Coamon-
wealth of Massachusetts. This report has also been furnished to the
owner of the project, City of Worcester, Department of Public Works,
20 East Worcester Stree:, ‘orcester, liassachusetis J1H04 ATTH: lir.
¥. VWorth Landers, Comzissiorner.

Conies of this report will he ﬁade avzilable to th2 r:hliz, upon
request to this office, under the Freedom of Information Act, thirty
days from the date of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Quality Engineering for the cooperation extended in
carrying out this program.

Sincerely,

hek S

MAX B. SCHEIDER
Colonel, Corps of Engineers
Division Engineer

AA Ay W




- o
..................
..............

'''''''''''''''

18

[ A
s
vt

Accescion For
I

NTIS RARl B¢
{ 0

, '.',I(
! l."_ [N
—

DPTIC TaAR

Unanncanced O

1f* e ie
Justification | PATCH RESERVOIR DAM
By

MA 00122

Di;trihuticn/ ~
I Avail-}ility Codes
Avaic and/or

7!

BLACKSTONE RIVER BASIN
WORCESTER, MASSACHUSETTS

DTIC

PHASE I INSPECTION REPORT D
NATIONAL DAM INSPECTION
PROGRAM

NEEDS  Reorsbuetions OF

06 Yo LIRS s

Fover  5-4 7Lﬂ"£ S
fl',(f:; D-1 S /\ .

DA ST T N T oI LU P S MR LD IR RN S PN 2" N T T
AR LPUREFS PN PR TR TRV AT S SRR S0 T A A LIV




S M e e te T A T g ma T Y W W e, e, N, . e T w - - S

> “«" e, . AR . DS PO SR ML A S - i Sl i 8 A Bt g gt YT TTw v

(S P A SN N N el A, Sl St afid s i DA b gt
B

{ NATIONAL DAM INSPECTION
: PROGRAM

PHASE I INSPECTION REPORT

-———

BRIEF ASSESSMENT

—

Identification No.: MAOOl22

Name of Dam: Patch Reservolr

Town: Worcester

County and State: Worcester County, Massachusetts
Stream: Tatnuck Brook - Tributary of Blackstone River

Date of Inspection: July 10, 1978

Patch Reservoir Dam consists of a stone masonry
spillway and earth dike. The spilllway was constructed
around 1896. The spillway is about 6 feet high and
70 feet long. The earth dilke has a maximum height of
11 feet and 1is about 200 feet long. The spillway 1s

. located about 800 feet north of the dike. There are no
known or visible outlet condults for the reservolr.
There is one plan avallable for the spillway and no
plans available for the dike. There are no specifi-
cations or computations avallable from the Owner,
County, or State offlces regarding the design,
construction, or repairs of the structures at this

v N
[

27

S site.

“ Due to thelr age, the spillway and dike were
i neither designed nor constructed by current approved
. state-of-the-art procedures, Based upon the visual
) inspecticn at the site, the lack of engineering data
t}; avallable, and no evidence of operational or main-

v tenance procedures, there are areas of concern which
_5‘ must be corrected to assure the continued performance

of these facilities., Generally, the dike and spillway
are consldered to be in falr to poor condition. Patch
Reservoir Dam has been placed in the "high" hazard
catesory.
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. The following are vislble signs of distress
whizh indicate a potential hazard at thils site:
slight to moderate seepage at the downstream toe of
the dike, trees and brush on the dike, erosion on the
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;jy . upstream face of the dike, accumulation of debris 1in
T the spillway channel, slight seepage at the west
Y ! abutment of the spillway training wall, and excavation
o ! along the edge of the reservolir,

3,

! Hydraulic analyses indicate that the existing

s splllway can discharge a flow of 1,015 cubic feet per
L second (cfs) at Elevation (El) 549.8, which is the crest
;q i of the dike. Based on size and hazard classifications,
N in accordance with Corps guldelines, the test flood is
SO one-half the Probable Maximum Flood (PMF). The inflow
{ test flood for Patch Reservolr was calculated as the
- test outflow from Cook Pond (the next pond upstrean

~ in the watershed) MA 00123, plus the one-half PMF for
- the remaining Patch Reservoir drainage area. This

- inflow test flood of 8,357 cfs is adjusted for sur-

N charge storage, resulting in an outflow of 7,950 cfs.
.24 Since the existing spillway can discharege only 13 per-
}i cent of the outflow test flood, 1t 1s 1nadequate., The
o outflow will overtop the dike by about 4.1 feet. In
ﬁq»‘ addition, water will discharge through a low area

fb along the reservolr about 200 feet west of the spillway.
SO - In the event of overtopplng, complete fallure of the
{ dike could occur. Due to the potential for overtopping,
N it 1s recommended that a definite plan for surveillance
e and a warning system be developed for use during

ﬁj periods of unusually heavy rains and/or runoff.

- It 1s recommended that the Owner immediately

ﬂ investligate the seepage at the toe of the dlke, clear
"o all debris from the spillway, remove all trees from

O the dlke, and install a gated low=level outlet. Also,
- erosion of the upstream face should be repalred and

Q? riprap added to prevent continued deterioration of

ol the dilke. It is recommended that the Owner employ a 2
Lt qualified consultant to evaluate the stabillity of the
. dike and the seepage at the downstream toe of the
I dike. Further, a more detalled investigation should

j be made of the hydraulic and hydrologlc aspects of the
f{ site,
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SN The above recommendations should be implemented
A within a period of one year after receipt of the Phase I
'~_‘2-: ( Inspection Report. An alternative to these recommenda-
Z-:Z- : tions would be draining the reservolr and breaching or
removing the dike. /
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I;ET, i Edward M. Greco, P.E,.
S Project Manager

g Metcalf & Eddy, Inc.
'\:_\

N Connecticut Regilstration
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! This Phase I Inspection Report on the Patch Reservoir Dam has been

- reviewed by the undersigned Review Board members. In our opinion,
i the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection
- of Dams, and with good engineering judgment and practice, and is
hereby submitted for approval.

| Clondy G~Cczreal

: CHARLES G. TIERSCH, Chairman
! Chief, Foundation and Materials Branch
' Engineering Division

17 % Ybticd

FRED J. RAVNS, Jr., Member
Chief, De3Tgn Branch
Engineering Division

SAUL COOPER, Member
Chief, Water Control Branch
Engineering Division

APPROVAL RECOMMENDED:

! jJOE B. FRYARB. y/L‘fW

Chief, Engineering Division
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] PREFACE

This report 1s prepared under guldance con-
{ tained in Recommended Guidelines for Safety Inspection
of Dams, for a Phase I Investigation. Coples of these
guidelines may be obtained from the Office of Chief of
Engineers, Washington, D.C. 20314. The purpose of a
i Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human 1ife or
! property. The assessment of the general condition of
; the dam 1s based upon available data and visual inspec-
tions. Detailed investigation, and analyses involving
. topographic mapping, subsurface investigations,
- testing, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however,
the investigation is intended to identify any need for
such studles.

In reviewing this report, 1t should be realized
that the reported condition of the dam 1s based on
observations of field conditions at the time of inspec-
tion along with data avallable to the inspection team,
In cases where the reservolr was lowered or drained

- prior to inspection, such action, whlle improving the
stability and safety of the dam, removes the normal
load on the structure and may obscure certain condl-
tlons which might otherwlise be detectable if inspected
under the normal operating environment of the
structure.

It 1s important to note that the conditilon of a
dam depends on numerous and constantly changing inter-
nal and external conditions, and 1s evolutionary in
nature. It would be 1lncorrect to assume that the
present condition of the dam will continue to repre-
sent the condition of the dam at some point in the
future. Only through continued care and inspection
can there be any chance that unsafe conditions be
detected.

Phase I inspections are not intended to provide
detailed hydrologic and hydraulic analyses. In ac-
cordance with the established Guldelines, the Spillway

: Test flood 1s based on the estimated "Probabls Maximum

i Flood" for the region (greatest reasonably possible
storm runoff), or fractions thereof. Because of the
magnitude and rarity of such a storm event, a finding
that a spillway will not pass the test flood should not
be iInterpreted as necessarily posing a highly inade~
quate condltion. The test flood provides a measure of
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relative spillway capacity and serves as an aid in
deternining the need for more detailed hydrologic and
hydraulic studies, considering the size of the dam, 1ts
general condition and the downstream damage potential.
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NATIONAL DAM INSPECTION
PROGRAM

' PHASE I INSPECTION REPORT

PATCH RESERVOIR
SECTION 1
PROJECT INFORMATION

1.1 General

a. Authority. Public Law 92-367, August 8,
1972, authorized the Secretary of the Army,
through the Corps of Englneers, to initiate a
national program of dam inspection through-~
out the United States., The New England Divi-
sicn of the Corps of Engineers has been assigned
the responsibility of supervising the inspec-
tion of dams within the New England Regicn.
Metcalf & Eddy, Inc. has been retained
by the New England Division to inspect and
report on selected dams in the State of
Massachusetts. Authorization and notice to
proceed was 1ssued to Metcalf & Eddy, Inc.
under a letter of May 3, 1978, from Ralph
T. Garver, Colonel, Corps of Englneers.

et Contract No. DACW 33-78-C-0306 has been

e assigned by the Corps of Engineers for this
o work.

;&

° b. Purpose:

'Cﬁ (1) Perform technical inspection and evalua-
v{f tion of non-Federal dams to identify

- conditions which threaten the public
~ safety and thus permit correction in a
timely manner by non-Federal interests,

’ (2) Encourage and assist the States to
- initiate quickly effective dam safety
::5 programs for non-Federal dams,

(3) To update, verify and complete the National
Inventory of Dams.
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;! ) 1.2 Description of Project

o

ﬁ: : a. Location. Patch Reservoir 1is located on
Y Tatnuck Brook in the Clity of Worcester,

o

>
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Worcester County, Massachusetts. See Figure
B=1 in Appendix B, which shows the
relationship of the spillway and dike to the
reservolir and adjoining streets. Also see
Watershed Plan, Figure D-1,

Description of Dam and Appurtenances. The
spillway at Patch Reservoir 1s in the form of
a cascade type welr comprised of cut granite
block steps (see Figure B-U4). The spillway
weir 1s 70 feet long at the crest and is 6
feet above the natural streambed. The weir
descends 1n four steps from the crest at El
547 to a fileldstone-=lined channel at El
542.2. The natural streambed is at E1 540,9
about 25 feet downstream. The section of the
upstream approach to the welr that 1s visible
from the crest 1s paved with fieldstone.

The spilllway has mortared-stone masonry train-
ing walls. The west training wall 1s 54,4
feet long and 3.7 feet high. The east train-
ing wall, which 1s 52.5 feet long and 4 feet
high, abuts natural ground consistine of
shallow and outcroppling bedrock. Above the
east training wall on the east abutment, the
ground slopes up to a residence about 100

feet away.

An earth dike 1is located about 800 feet south-
west along the shore from the spillway (see
Figure B-3). The crest of the 200-foot-long
dike ranges in elevation from 549.8 to 553.4
and serves as a footpath. The dike is
approximately 11 to 13 feet wide at the crest
and a maximum of 11 feet high. Both the
upstream and downstrean slopes of the dike
embankment are irresular and overgrown with
trees and brush. The slopes vary from 1.5 to
2.5:1 (horizontal:vertical) upstrean, and 1.5
to 3:1 downstream,

There are no apparent outlet structures at
the dan.

A low area located about 200 feet west of the
splllway 1s shown on Figure B-2 in Appendix B,
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This low area appears to have been excavated
into natural ground, possibly as a source of
fill. The low point 1is El 552.4 or about 2
feet above the crest of the dike.

Size Classification. Patch Reservoir 1is
classified in the "small" catepory since the
dike has a maximum height of 11 feet and the
reservoir a maximum storage capacity of 205
acre=feet.

Hazard Classificatlon. A dlke or spillway
failure at Patch Reservoir would release a
flood wave that could threaten lives and prop-
erty in the suburban development located
immediately downstream. In addition, 1t 1s
possible that a fallure of the dike at Patch
Reservoilr could produce a flood wave about 10
feet high, at a point 1,600 feet downstrean,
This could breach the dam at Patch Pond and
Jeopardize residences along June Street. For

this reason, the dlket~Ratch Reservoir has
been placed in t w azard caterory.

Ownership. The dam is presently owned by the
City of Worcester and is under the
Jurisdiction of the Department of Public
Works. Mr. F. Worth Landers, Commissioner,
(617-798-8151) granted permission to enter
the property and inspect the dam.

Operator. There 1s no known operatlonal
equipment at the dam, and there are no known
operators of the dam,

Purpose of the Dam. The reservolr was
formerly used as an ice farm by the
Independent Ice Company, and scmetime later
by the R&H Machinery Co. The last private
owner of the dam, Patches, Inc., planned to
drain the pond and have the area developed.
Instead, 1t was sold 1in 1970 to the City of
Worcester and is now under the care of the
Worcester Conservation Commission and used
for recreation.

Design and Construction History. The linited
information avallable on the original desien
and construction of the spillway is included
in Appendix B. The original owner was Mr,
iilliam Patch; however, the only available

.......
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plan, dated 1896, was prepared for the estate
of C. Rebboli, Worcester, Massachusetts,

This 1896 tracing shows the splllway much as
i1t 1s today except for the slope of the
upstream face. There are no other plans,
specifications or computations available from
the Owner, or County or State offices relative
to the design, construction, or repailrs of
this spillway. In addition, information is
lacking for the dike and for the former gate
structure that has apparently been filled,

Normal Operating Procedures. There are no
operational procedures at the dam. Flow over
the spillway 1s uncontrolled.

1.3 Pertinent Data

a.
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Drainage Area. The drainage area for Patch
Reservoir is estimated to be approximately
5,700 acres (8.9 square miles). About 70 per-
cent of this area 1s located in the Town of
Holden and consists of moderately steep wood-
land and sparse residential development.
Holden Reservolrs 1 and 2, included in this
part of the drainage area, are maintained by
the City of Worcester for public water
supply. Resldentlal development 1s therefore
minimal (see Figure D-1).

The remaining 30 percent of the drainage area
i1s 1n the City of Worcester and includes the
lower part of the Cook Pond watershed. Resi=-
dential development 1s more dense in this
area, particularly north of Pleasant Street
and northeast of Chandler Street, In
addition, the runway at the Municipal Airport
west of Patch Reservolr serves as an
artificial drailnage divide.

Discharge at the Dam Site. Uncontrolled dis-
charge above E1 547 flows over the weir at
the spillway, down the cascade, to the paved
stream channel below., Immedlately downstrean
from the crest, the channel is bounded by
stone masonry training walls for about 33
feet on the east side and 27 feet on the west
side. Below that is a narrow, winding streanm
channel that flows through woodland to Patch
Pond, approximately 1,200 feet downstream,
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& The splllway welr can discharge an estimated
' 1,015 cfs at E1 549.8, corresponding to the

3 low point on the dike and the maximum storage

elevation for the reservoir. An inflow test

flood of 8,357 cfs (one-half the probatle

maximum flood) will overtop the lowest point

; on the dike by 4.1 feet. The spillway has the
capaclty to discharge only 13 percent of the
outflow test flood,

The maximum flood at the dam site 1s unknown
although frequent backyard flooding has been
reported by local residents,

As shown on Figure D=1, Patch Reservoir is
located downstream of Holden Reservoirs No. 1
and No., 2 and Cook Pond. Flow into Patch
Reservoir is dependent upon the storage-
discharge characteristics of these upstrean
reservoirs. :

c. Elevation (feet above MSL !Mean Sea Level]l).
A benchmark elevation of 547.0 at the spill-
way crest was estimated from a U.S.G.S.
topographic map.

(1) Top - Spillway: 5u47.0
- Dike section: 5U49,8 to 553.4

(2) Test flood pool: 553.9

(3) Design surcharge (original design): Un-
known

(4) Full flood control pool: Not applicable
(N/A)

(5) Recreation pool: 547.0
(6) 3Spilliway crest (ungated): 547.0

(7) Upstream portal invert diversion tunnel:
N/A

(8) Streambed at centerline of dam: 541.5
(downstream of spillway)

(9) Tailwater: 54l.5
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tﬂ '\ d. Reservolr
v
;: (1) Length of maximum pool: 2,000 feet
E&; i (2) Length of recreation pool: 2,000 feet
: (3) Length of flood control pool: N/A
:ﬁ} e. Storage (acre-feet)
f- (1) Test flood surcharge: 210 at El1 553.9
°a
- (2) Top of dike: 205
&E (3) Flood control pool: N/A
Q (4) Recreation pool: 120 (approximate)
.. (5) Spillway crest: 120
AN
:25 f. Reservolr Surface (acres) (Assume no signifi-
N cant 1ncrease 1n reservoir area with change
>~ in elevation from 547.0 to 549.8)
i (1) Top dam: 30
o
i (2) Test flood pool: 30
y (3) Flood-control pool: N/A
(4) Recreation pool: 30
- %
-.f
-;: (5) Spillway crest: 30
o g. Dam
s [
_!; (1) Type - Spillway: cut stone blocks
o - Dike section: earth
oo (2) Length - Spillway: 70 feet
n - Dilke section: 200 feet
2 (3) Height - Spillway: 6 feet
e - Dike sectlon: 11 feet
3$ (4) Top width - Spillway: 1 foot
\ - Dlke sectlon: varies from
.'\' 11 to 13 feet
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i (5) Side slopes - Splllway: downstream cascade:
e 1:1
. - Dike section: varies:
AN upstream 1.5 to 2.5:1
e downstream 1.5 to 3:1
e
(6) Zoning: Unknown
j#i . (7) Impervious core: Unknown
o | (8) Cutoff: Unknown
(9) Grout curtain: Unknown
:E:; 1., Spillway
AN
gﬂ (1) Type: Broad crest
Q: (2) Length of welr: 70 feet
S (3) Crest elevation: 547 MSL (assumed bench-
Ko mark)
N ) (4) Gates: None
N (5) Upstream Channel: Flared training walls
S
el (6) Downstream Channel: 70-feet-wide
i; stepped stone spillway to earth channel
(7) Core: Rubble masonry
M
o (8) General: Spillway channel is paved with
'Q: : field stone for a short distance and
;g: then natural, earth channel.
o J. Repulating Outlets, There 1s no regulating
N outlet at this dam,
n.:::
S
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SECTION 2

ENGINEERING DATA

feneral. The only avallable plan of the
construction of Patch Reservoir Dam 1is a 1936
tracing of the spillway plan and cross sectlon
dated April 21, 1896, A copy is included in
Apperidix B. The only other data avallable for
this evaluation were visual observations during
inspection, review of previous 1lnspection
reports, and conversatlons with the Owner and
personnel from State and County agencies.

Ve acknowledge the assistance and cooperation of
personnel of the Massachusetts Department of
Public Works: Messrs, Willis Regan and Raymond
Rochford, and of the Massachusetts Department of
Environmental Quality Engineering, Division of
Waterways: Messrs, John J. Hannon and Joseph
Jagallo.

Also, we acknowledge the cooperation and assist-
ance of personnel from the Worcester County
Engineer's Office: Messrs. John 0'Toole, Joseph
Brazauskas, and Mr. Wallace Lindquist - recently
retired from county service,

Mr. F. Worth Landers, Commissioner of Public
Works for the Clity of Worcester, granted permis-
sion to enter the property and inspect the dam.
Messrs, Michael Burke, Richard Grant, and Ed Mara
of the Worcester DPW provided background data on
the reservolr and dam.

Censtruction Records. There are no detalled con-
struction records available.

Operation Records. No operation records are
avallable, and there 1s no dailly record kept of
pool elevation or rainfall at the dam site.

Evaluation

a, Avallability. The avallability of data is
limited due to the age of this dam.
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Adequacy. The lack of in-depth engineerilng
data did not allow for a definitive review.
Therefore the adequacy of this dam could not
be assessed from the standpoint of reviewing
deslgn and coenstruction data, but 1is based
primarily on visual inspectlon, past perform-
ance history and sound engineering judgment.

Validity. The limited engineering data
available is considered valid.

”

h_eJ

s 8"

SV 2 3 ¥ ¥

U LS



A

g

oo
.'fll
a, 8,

4

° k".‘l‘. *a

Y VY VvV

-’2.}.

YWYy

)

»
[ I

(TR A D )

AR
AN

3.1

a.

......................

.....
........

......

R S A

SECTION 3
VISUAL INSPECTION

Findings

General. The Phase I 1inspection of the dam
at Patch Reservolr was performed on July 10,
1978. A copy of the inspection checklist is
included in Appendix A. Periodic inspectilons
of this dam have been made by others since
1925. A partilal listing of these 1nspections
1s in Appendix B. An inspection by the Massa-
chusetts Department of Pubtlic Works was made
in January, 1973, and a copy of that report
is 1ncluded in Appendix B. In addition,
early inspection records were reviewed at the
Worcester County Englneer's Office.

Dam. The 1mpoundment structures consist of a
splllway and dike section. The spillway 1s a

stepped stone structure. Granite blocks com-

prising the crest and cascade are in good con-

dition, although slightly misaligned hori-

zontally. There 1s a small (6-inch) gap in

the crest near the east end of the splllway

which is the result of a broken corner on a

crest block. Although the pond level was

slightly below the crest, water was observed

flowing through the gap and also leaking from :
beneath the first two steps of the cascade. i
Slight seepage was also observed in the wall

at the west abutment, jJust above the level of

the downstream streambed.

Dam.

The shear pins that secure the second row of
blocks appear to have been l-inch diameter,
but have been corroded to about 3/4 inch
diameter. Continued deterioration of the
shear plns could eventually affect the stabll-
ity of the welr blocks.

The toe of the spillway 1is paved with irresgu-
lar fieldstone blocks. Erosion beneath the
stones at the toe has caused some settlement.
The downstream earth channel is fairly narrow,
winding, and stony, and has minor amounts of
debris such as tree branches in it.

10




The training walls at each end of the spill-

';i way are mortared fieldstone in generally good

SN condition, although the mortar is missing

A from the lower stones on the upstream end of

o the west wall. The walls abut natural ground
and are practically overgrown by bushes and

Sl trees on the downstream side. There has

jﬁ ' apparently been some tree cutting on the

g upstream side of the left abutment.

o Above the training wall, on the left abut-
ment, a second retalning wall apparently in-

Ay tended to protect the abutting property has

o been built of broken concrete slabs. A

éﬁﬁ footpath passes between the two walls.

~

e On the upstream side of the spillway, the bed
° of the pond 1is only a few inches below the

- crest block. There 1s evidence of a stone
pavement, although this 1s not shown in the

o old plan of the dam,

-

A The earth dike, located about 800 feet from

{ ) the splliway, 1s overgrown with trees on both
- the upstream and downstream sides, and a foot-
o path runs along the crest. There is no

e visible slope protection. Seepage was

. observed along about one=third of the length
S of the dike, which results in a soft swampy
) area at the downstream toe. A few animal

o burrows were noted.,

Y ¢. Appurtenant Structures. Early inspection

¥
r
)

K

i il

reports suggest the evidence of a gated out-

NG let at the dam. -It was not visible at the

[ time of inspection. There are no other struc-
- tures connected with this dam.

s d. Reservolr Area. A comparison of a 1960 and
NN 1974 U.S.G.S. topographic map indicated that
e a large amount of fi1ll has been added in the
) southern end of the reservoir, west of the

T dike. Most of the residential development lis
boey | north of the spillway and generally on the
oS north and west side of the pond. A footpath
O runs between the splllway and the dike.

e Although this area 1s covered with vegeta-

®. tion, trespassing on the slope to reach the
TN water has caused erosion in many parts of the
..f.‘
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shore. During the visual inspection, one
such eroded low area leading to a small beach
was noted., The low area has an elevation

‘ about 2 feet higher than the dlke.

In the drainage area near the pond, residen-
tial development 1is heaviest north and west
of the Reservoir.

e. Downstream Channel. Water flows into the
discharge channel below the spillway for
about 1,200 feet before entering Patch Pond.
Houses are located along the east slde of the
splllway channel for at least 500 feet down-
stream. A storm drainage system for residen-
tial development enters the channel through a
culvert about 400 feet downstream of the
spillway. Frequent flooding 1s reported by
the residents. The stream 1s eroding 1its
banks 1n several places which causes trees to
fall into the channel. The channel generally
contalns brushes and miscellaneous debris
as well.

3.2 Evaluation. The above findings indicate that the
dam has several areas of distress which require
attention. It 1is evident that the dam 1s not ade~
quately maintained and that deterioration will
continue unless action is taken. Recommended
measures to improve these conditions are included
in Section 7.
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N SECTION 4
N
> OPERATING PROCEDURES
i .: E
Y
( 4,1 Procedures, There are no overating procedures at
- Patch Reservolr.
\..‘
‘5 4,2 Maintenance of the Dam. The dike and splliway are

. 1

e

inadequately maintalned as evidenced by the condi-
tion of the cascade and overgrowth of trees on the
dike. The City of Worcester has no regular main-
tenance program.

i

; 4,3 Maintenance of Operating Facilities. There are no

o operating facllitles on the structure., Discharge

~ over the spillway 1s uncontrolled -and there 1s no

q other outlet.

::- 4.4 Description of any Warning System in Effect. There

" are no warning systems 1ln effect at this site.

. 4,5 Evaluation., Patch Reservoir is in the high hazard

{ ’ category because of the threat to downstream resi-

- dents 1n the event of dam failure. The dlke and

- splllway are in falr to poor conditlon. Due to the

- potential for fallure, a program of operatlon and

= maintenance, and a warning system in the event of

- emergency should be implemented as recommended in

. Section 7.
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SECTION 5

HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

B )
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Design Data. Patch Reservoir receives flow
from Cook Pond plus 1.8 square miles of
tributary area directly below Cook Pond. A
Phase I Investigation has recently been com-
pleted for Cook Pond (MA 00120). The inflow
test flood was based on calculated dlis-
charge from Cook Pond plus an estimate of
flow from the tributary area directly below
Cook Pond. The Probable Maximum Flood (PMF)
rate was determined to be 2,350 cfs per
square mile for the dralnage area below Cook
Pond. This calculation is based on the aver-
age drainage area slope of 4 percent, the
pond=plus-swamp area to dralnage area ratio
of 5.7 percent, and the U,S. Army Corps of
Engineers' gulde curves for Maximum Probable
Flood Peak Flow Rates (dated December 1977).
Applying one-half the PMF to the 1.8 square
miles of drainage area results in a calcu-
lated peak flood flow of 2,115 cfs as the
inflow test flocod. Including the effect of
Cook Pond, the total inflow test flood equals
8,357 cfs (939 cfs per square mile). By
adjusting the inflow test flood for surcharge
storage, the maximum discharge rate was
established as 7,950 cfs (893 cfs per square
mile), with a water surface at E1 553.9.

Flow over the dike crest 1is predicted to be
3,740 c¢fs, and flow through the spillway
would be 4,210 e¢fs. The maximum head on the
dike would be 4,1 feet with a discharge of
21.2 cfs per foot of width. Depth at crit-
ical flow would be at 2.4 feet with a
velocity of 8.8 feet per second.

Flow will also occur in the low area shown 1n
Figure B=2., This low area 1s about 2 feet
above the crest of the dike. However, due to
the limlted size of this area, outflow
through this section was not considered in
the hydraulic computations. The maximum dis-
charge head on the dike would be slightly
reduced if the effect of the discharge in the
low area was considered.
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The inflow from a 100-year frequency storm

N

N was estimated to be 3,410 cfs. After adjust-
s ment for surcharge storage, the outflow from

2N the 100-year storm was calculated to be 3,180
- cfs which would result in a water surface at

El 552, or about 2.2 feet over the dlke crest,

Hydraulic analyses 1ndicate that the exlisting
spilliway can discharge a flow of 1,015 cfs at
water surface El 549.8, which is the crest of
the dike. This means that the splllway has
the capacity to discharge only 13 percent of
the outflow test flood.

b. Experience Data. Hydraulic records are not
generally avallable for this site; however,
in conversations with personnel from the
Worcester County Engineer's O0ffilce, 1t was
noted that the dike was not overtopped in the
1955 floods.

¢. Visual Observations. The spillway consists
of a J0-foot-long stone masonry spillway
which discharges over a cascade into a
natural stream channel,

The splllway appears to be in fair condition
although some leakage was observed. A storm
drainage system enters the channel about 400
feet below the spillway, and frequent backyard
flooding was reported by a local resident.
Erosion into the channel could reduce the
capacity of the channel and 1lncrease local

s’

l" l‘. -.. » a5

Ty

f
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& flooding. _

ii‘ d. Overtopping Potential. Overtopping of the
fﬁ dike 1s expected under the test flood of

.Qi 8,357 cfs (inflow); as noted previously, how-
Bt ever, the only avallable records on over-

:hr topping indicate that the dam was not over-

topped during the 1955 floods. The pond
elevations of the upstream reservoirs are
unknown prior to the 1955 storm. The storage
effect of these reservoirs would minimize dis-
charge to downstream areas. In the event of
overtopping, complete fallure of the dike

could occur. The resulting flood wave could
reach a height of 10 feet at a point 1,600 feet
downstream of the dike and be a hazard to life
and property.
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Additional Hydraulic Considerations. As
shown on Figure D=1, Patch Reservoir 1s
located downstream of Holden Reservoirs No., 1
and No. 2 and Cook Pond. However, the calcu-
lations for a Phase I investigation are based
on the U,S. Army Corps of Engilineers guide
curves which do not entirely consider the
storage discharge characteristics of upstream
reservoirs, The inflow test flood for Patch
Reservoilr has included the storage effect of
Cook Pond but not Holden Reservoirs No. 1 and
No. 2. Therefore, the conclusions on peak
flows and dam overtopping should be con=-
sidered as preliminary only. A more detailed
hydrologic and hydraulic investigation should
be based on the storage effects of all
upstream reservolrs,
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. The evaluation of the
structural stability of the dike and spillway
at Patch Reservoir is based on the visual
inspection conducted on July 10, 1978. Based
on the observations, as detailed in Section 3,
and the evaluation of the hydraulilec data,
the dike and spillway at Patch Reservoir are
consldered a hazard. The condltion of the
structures 1s unsatisfactory and conventional
factors of safety may not exist.

It 1s recommended that a more detalled inves-
tigation be initiated to evaluate the condi-

tion of the dike and spillway and the seepage
at the downstream toe of the dike,

b. Design and Construction Data. Discussions
with the Owner, and County and State personnel
indicate that there are no plans, specifica-
tions, or computations relative to the
design, construction or repalrs of the dilke
at Patch Reservolr. Information on the type,
shear strength and permeability of the soil
and/or rock materials 1is nonexistent. One

drawing showing details of the original spill-
way 1s attached as Figure B-4 in Appendix B.

The spillway structure was built in 1896.

The drawing indicates it consists of a rubble
masonry core and earthfill on the upstream
slde, and concrete and dry rubble masonry on
the downstream cascade. It appears that the
steps are the original granlte blocks and that
only the upstream slope has been altered. It
is not known when the dike embankment was
built. As discussed previously, the reser-
voir shoreline has been recently altered by
filling at the southern end.
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Operating Records. There is no evidence of any

type of instrumentation at Patch Reservoir dike
or spillway, and there 1s no indication that

any instrumentation had ever been installed. The
performance of the spillway and dike under prior
loading can only be inferred by physical evidence
at the site,

Post=-Construction Changes. There are no as-
built drawings for the existing splllway and
dike. The only apparent modifications have
been the change 1n slope upstream of the spill-
way crest and the arrangement of the iron pins
securing the stone blocks on the cascade.
Previous inspectors reported on the condition
of the outlet gate, but there 1s no longer
evidence of an outlet at the site.

Seismic Stability. The dam is located in
Selsmic Zone No. 2 and in accordance with
Phase I "Recommended Guidelines" does not
warrant selsmic analyses.
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! SECTION 7

§ ASSESSMENT, RECOMMENDATIONS
! AND REMEDIAL MEASURES

PP P S R . Y Y

| 7.1 Dam Assessment

a. Condition. Due to their age, neither Patch

! Reservoir dike or splllway were designed nor

' constructed to the current approved state-of-
the-art procedures. Based upon the visual
inspection, and with no engineering data
available and no evidence of operation or
malntenance, there are areas of concern which
must be corrected to assure the continued
performance of this dam. Generally, the dam
is considered to be in fair to poor condi-
tion. As noted previously, there are several
problem areas: the lack of a regulating
outlet; seepage at the toe of the dike
embankment and at the west training wall
of the spillway; flow under and between the
granite steps of the cascade; trees and brush
on the dike slopes and at the spillway abut-
ments; accumulation of debris and vegetation
in the spillway channel, and excavation along
the edge of the reservoir.

A e Ae e e e sy s~

Hydraulic analyses indicate that the existing
splllway can discharge a flow of 1,015 cfs at
El 549.8, which 1s the lowest point on the
crest of the dilke., An inflow test flood of
8,357 cfs will overtop the dike by 4.1 feet,
The spillway can' discharge only 13 percent of
the outflow from the test flood before the dam
is overtopped. 1In addition, the inflow from

a 100-year frequency storm would result in a
water surface at E1 552, or about 2.2 feet
above the crest of the dike. Limited informa-
tion 1indicates that the dam was not over-
topped during the 1955 floods. It 1is likely
that the regulating effects of upstr am
reservoirs reduces the peak flood flows at

' Patch Reservoir,

' b. Adequacy of Information. The lack of in-
: depth engineering data did not allow for a

; 19

e T T B

57 TSR N L SR A R AL AR A TSR IR PR TR E NN TR Iy A e
i\':\{\. '.{L';\':q_'_ '-TA':A':L';A:':L{A_&L':LQ_{J . 3¢ A\_('. l‘_l'::l.}I-:' St



- . R PN
S PN RN OO

MRS RS RA AR oA B4 '_"1.'.")".\ ‘.\".X"_\Tf‘.'-‘f-“"“_ :~v.‘—1-‘w-‘—.v:.v.‘:-r-v“—w. .'. IR YL T "-_ N W, S W T e V-—“v-‘ - —‘—vﬁ

\ definitive review. Therefore the adequacy of
this dam could not be assessed from the stand-
point of reviewing design and constructilon

§ data, but is based primarily on visual inspec-
tion, past performance history and sound
engineering Judgment,

; ¢c. Urgency. The recommendations outlined below
should be implemented within one year of
receipt of the Phase I Inspection Report.

d. Need for Additional Information. Additlonal
investigations to further assess the adequacy
of the dike and splllway are outlined below
in Section 7.2, Recommendations.

7.2 Recommendations. In view of the concerns over
the continued performance of the dike and
spillway, it 1s recommended that the Owner employ
a qualified consultant to:

a., evaluate the stabllity of the dilke,

b, evaluate the seepage at the downstream toe of
the dike, and

¢. conduct a more detalled hydraulic and hydro-
loglic 1Investlgation for the entire dralnage
area. The purpose 1s to deslgn a means to in-
crease the discharge capaclty of the existing
spilllway and to design a new outlet.

The recommendations on repairs and maintenance
procedures are outllned below under Section 7.3
Remedial Measures.

7.3 BRemedial Measures

a, Alternatives. An alternative to implementing
the recommendations listed above and the main-
tenance procedures itemized below would be to
lower the reservolr and breach or remove the
dike.

b, Operation and Maintenance Procedures. The
dike and splllway are not adequately
maintained, It 1s recommended that the Owner
accomplish the following items:

(1) 1install a gated outlet for lowering the
reservoir 1n emergency situations,

20
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(2)

(3)

(4)

(5)

(6)

(7

(8)

install riprap on the upstream face of
the dike,

remove all trees and brush from the
dike,

fil1l in excavated areas along the shore,
and f111 in any animal burrows,

repair the break in the spillway crest
block and seal against leakage through
the cascade,

clear accumulated debris in the spillway
channel,

institute a definite plan for survell-
lance and a warning system during
periods of unusually heavy rains and/or
runoff. The warning system should be
coordinated with one at the upstream
reservoirs in the watershed, because
flooding or failure of the upper dams
willl have a severe effect on Patch
Reservolir.

implement a systematic program of inspec-
tion and maintenance. As a minimum, the
inspection program should consist of a
monthly inspection of the dam and appur-
tenances and be supplemented by addi-
tional inspections during and after
severe storms. The slight seepage noted
in the west abutment of the spillway
training wall should be monitored and
evaluated as part of the inspection pro-
gram. All repalrs and malntenance
should be undertaken 1n complilance

with all applicable State regulations.
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PERIODIC INSPECTION

PARTY ORGANIZATION

PROJECT  fPatch Resc-evone DATE__ July 10, 1978

TIME 1060 am

WEATHER Suﬂng wlirm
W.S. ELEV. 5469 U.S.541.50.5.
LT : Assumed enchrnark Clevation 597

tof cf spllway _

. €Ea_ C-regp 6.  Frnk Sypkla .
_. Lx_.'ll( Br’c(ncxgan 7. Dav.d Cole
3. C(;U’L:l Sweet 8.
4. Swsan  Perce 9.
5. Dick weter 10.
PROJECT FEATURE INSPECTED BY REMARKS
A Dom Ed Coveen 5 Dck Wecbr
2. S lucdy Luyle Beanaqan
| 7 - 7 =4
3.
L,
.:)'--'
e T
‘::'... 4
D’ - i
b ..' 0]
-
I ]
il
o 17 -
:...-'. )
oo
't'.:n',
2
L 0
~i\.-. .
n.‘\'::

4.7 4
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- i PERIODIC INSPECTION CHECK LIST

:}_'.. PROJECT __ bPatch Lescrvaoir DATE 1-10-7F -
) —

’_ g PROJECT FEATURE Dam NAME Ed Grece
o DICCIPLINE NAME

)

o

!.\

* ! AREA EVALUATED CONDITIONS

AR

o DAiL EJIBANKMENT Dam|spllecy 15 four-step gearite
T . CaSUey v

= Crest Elevation
&v Current Pool Elevation 54 .9

R ot

- 4aximum Impoundment to Date unktncwn

Ei Curface Cracks nla

g Pavement Conditlon nlc

Sj ~cvement or Settlement of Crest crest +lat

N .

.§ Lateral Movement bloeks shghfy nm5ahgna1
(_ Jertical Alignment srnughf

ﬁ: tlorizontal Alignment remruc@ streoght

“ondition at Abutment and at
Concrete Structures

&imlsf"”waj Juns ncitured e d
at spdivay, trtienng o c il

indications of Movement of
Structural Items on Slopes

nla

Trespassing on Slopes

-

tree ('J.Lffl(y upstrgin, ¢n lett abiit v, .t

Sloughing or Erosion of Slopes
or Abutments

norv

-"-“""} ::J ". ’ll .’I .'l ." {‘-‘.’-l".{. \

#ock Slope Protection - Riprap
1.‘a

€reeen x necth stcins ot tre

) llures stk gt ot St

? "musual Adovement or (Cracking at nle

O or near Toes

N

§§ ' Urusual Embankment or Downstream nla

- Jeepagc

@ . i

< Fiping or Bolls nla

N Foundation Drainage Features rla

~ —
> To¢ Drains Nnla

® |

! i Inctraimentation System none vis:hle

n: paite 'ZQ" 4_
.

&

) ';...:. PP o ’:.
.
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PERIODIC INSPECTION CHECK LIST

PROJECT__Patch Keserver DATE___7-10-7%

PROJECT FEATURE_ Dike NAME &t Cae e

DISCIPLINE _ Gcetechniecl NAME i

AREA EVALUATED CONDITION

LIKE EMBANKMENT
Crest Elevatilon varies fem 5498 e 553 4
Current Pool Elevation 546.9
Maximum Impoundment to Date unkriown

Surface Cracks

none  vos: bie

Favement Condition

cirt r>a+h ey crext

Mnovement or Settlement of Crest

Lateral Movement

Vertical Alignment

éiorizontal Alignment

Condition at Abutment and at
Concrete Structures

Indications of Movement of
Structural Items on Slopes

Trespassing on Clopes

.{.DC"- P‘d»h . Ch 7:('.’7140‘2— "‘C lcs

Sloughing or Erosion of Slopes
or Abutments

Rock Slope Protection - Riprap
Failures

imu-ual Movement or Cracking at
¢cr near Toes

Unusual Embankment or Downstream
Seepage

Sh6n+ 5eepq9e at tee

Pi‘ping or Boils

oundation Dralnage Features

Twe: Drains

rnistrumentation System




PERIODIC INSPECTION CHECK LIST

PROJECT FPatch Rescrvor

PROJECT FEATURE __ sp.jlway
\ 7

DATE T-10-7%

NAME el GCreee

DISCIPLINE Huarauwlies NAME L‘ujle‘ Brarcgan

AREA EVALUATED CONDITION
OUTLET WORKS - SPILLWAY WEIR, . N o el
APPROACH AND DISCHARGE CHANNELS afPracen Weir s sTew - prived,

a. Approach Channel

G0¢ 1 [eod

General Condition e 11 geco
Loose Rock Overhanging Bone
Channel
simall tree en right vt auat

Trees Overhanging Channel

mechum (12°) prec e e bt o botengrg

Floor of Approach Channel

5. Weir and Training Walls

dry anct (enerek mascony , steP Gt we e

General Condition of
comerete Stones

fair, some bicers chislpagee

Rust or Staining nNlc
Spalling nla
Any Visible Reinforcing nla
Any Seepage or Efflorescence Nla :
Drain Holes nla

2. DJlscharge Channel

4" x4 stooes et bottem stee?

General Conditicn

feur to (Qoer, serci scaHeved STCn o

Loose Rock Overhanging
Channel

none

Trees Overhanging Channel

Senaldl 12 mechium  trees grieing

1w Channgl

Floor of Channel

vegc’f‘a fiern and deve:s

Other Obstructions

NOne

..l~l‘l~n [ ]

* .’&""‘ .h -

page A4of 4
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APPENDIX B
PLAN OF DAM AND PREVIOUS

INSPECTIONS
Page

Figure B-1, Schematic Location Plan B-1
Flgure B-2, Cross-section, Low Area B=2
Figure B-3, Dike Plans and Sections B-3
Figure B=4, Plan of Dam at Patch Reservoir, In
dated April 21, 1896 Pocket
Previous Inspections (Partial Listing) B=5
Inspection Report from Massachusetts
Department of Public Works, January 1973 B=7
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INSPECTION RREPCRT = DANIS 4D RESIRVGIRS

1. Locations City/Town _ W OoRLESTER an Noe 3=/9-3982-4
MuLLANY,
Name of Dam _ /PATCH RESERVOIR Inspected by _Oonmamue

Date of Inspection /=790-73

2, Owner/s: per:s hssessors Prev. Inspection ;’/
Rege. of Deecds Pers. Contact
(<]

1. f“hag PARK /NC “HARRY Fr 1EQBERG PRES. Pyiymen 2P u/aﬂc’

Nane St. & Ho, thY/LOdn state Tel. il
2.

Name St, & iloe City/Town state Tel, do.
3.

Name St, & Woe City/Towun OGtate Tel, iOe

3, Caretaker (if any) e.aq. superintendent, plant manager, appointed
by absantec owuner, appointed by multi owners.,

Nape: St., & No,.t
City/Touns ' States Tel.iloes

4, No, of Pictures taken

5, Degree of Hazards (if dam should fail completely)¥

1. liinor 2, lioderate v/’

3, Severe 4, Disastrous

* This rating may change as land use changes (future development)

6, Outlet Controls Automatic N Manual

Operative _________ yes; No.

Comrmentst SP/LLwAY ¢coNTROLED

7o Upst:can Face of Dams Conditlions

1, Good IZ 2¢ lMiner Repairs -

3, liajor hepairs 4. Urgent lepairs

.axCotinents |

T Y . w
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3 . | | )

.

8, Downstream Face of Dant

Conditiont 1, Good N 2, Minor Repalrs

3« Major Repairs 4, Urpent Repalrs

o ee———

Commentss

9. Imergency Crilluway: yo N E

Condition: 1. Good 2, Minor Revairs

3. Hajor Repalrs 4, Urgent Repalrs

Comments:
10, Water Level at time of inspectiloa: I __ft. above belowr_;/”
top of dam v principal spillray
other

11, Summary of Deficlencles Noted:

Grouth (Trees sid Brush) on Embankment _VZ£S

Animz) Burrows and Washouts ____son e

Danaze to slopes or top of dan _ o2&

L3

Cracked or Damared Masonry ONE.
Evidence of Secepage AaodE
' Zvldence of Plping ALD

Erosion Ao NME

Leaks ACOME
Trash and/or debis iwneding tlov _game

.

l. l‘
[}
el

;‘-'

L7

&
ty

Clogrzcd or bdblocked spillway ALQ

2

>

Other | _

4.
ST

.
ST

v
..

> 8

o
A
.
[09)
[}
o
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4

————

- - 3U B
e bais no I/¥ -3

o~ —

12, Remarks & Recomnendations: (Fully Explain)
“Twe MASoR PoaTow ofF Thue Dam \TSELF

'S 0 Gooco CoubitTiod  Twe VieLDeToNE RETANING
: )

MWALLS o e \WTALT  Xwue Gaanite Alocw SPILVWARY

AVY S[vees VAVE R W atneyg FuueionAl. AND Swow

ow bowu:n-ggml\ CTHMIANKHMEUTS Swould Ve

Lecwo ~ )
Yeo. NE CHAUME\_ bk\l\ﬂe BecLow THE™

DSeiLLwaN PreveuTts ERobi\WGeG 0F StrenMmBeD,

13, Overall Concitions
g

le Safle

2. lkiner repairs neasded ol

3. Conditionally safe -~ n2jor repairs necded

4, Uns:ie

5 Reseavolr inpoundicnt no lenger exists {explain)

Necommend removal fran inspectlion list

B-9
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No Swens oF Wen ., Veaces AND Brusw & Rowine
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: DESCRIPTION OF L.AM
DISTRICT,

Submitted by,, W - Dam Nos fbheDilh B |
Date : 4,51,,_5 ‘

l. Locations Topo Sheet No. S o>

Provide 83" x 11" in clear copy of topo zap with location of
Dam clearly indicated.

2. Year built:s Year/s of subsequent recpairs

3. Purpose of Damt Water Supply Recreational __ ¢

Irrigation Other

4, Drainage Area: 7,3 3 sq. mi. acres
5. MNormal Ponding Areca: 55 acres; Ave. depth
Inpoundments g9als; acre ft.

6. No. and type of dwellings located adjaceat to pond or reservoir

20 l.e. summer homes, etc,

7. Dimensions of Dams Lengtgnn'f Maxe Heiqhg_ V4

Slopess Upstreag l’act':.z it
Downstrean Fac,.& ./
it

viidth across t°p36"

8. Classification of Dam by Materials

Earth __ Conc. Masonry .. Stone -'-!asoni'y/

Timber Rockfill ' Other

9 A. Description of prescnt land usage downstream of dams

(@

% rural; % urban,
e oo
SO B, Is there a storage arca or flood plain downstrcam of dam which
|
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